A B S T R A C T The renal responses to sympathetic nerve stimulation were studied in saline-expanded rats. The left kidney was partially denervated by crushing the left greater splanchnic nerve. Then the distal portion of the nerve was stimulated with square wave pulses of 0.5 ms duration, voltage twice threshold, and 1 or 2 Hz frequency while monitoring the compound action potential. Fibers with conduction speeds of 13-17 m s-' and of 0.7-1 m * s-' were identified. Only stimulation of the latter appeared to produce changes in renal Na and water excretion. Whole kidney and individual nephron studies were performed alternating control and nerve stimulation periods. Nerve stimulation produced approximately a 25% reduction of the left kidney urine volume and sodium excretion. Glomerular filtration rate and renal plasma flow remained unchanged. Right kidney Na and water excretion, glomerular filtration rate, and renal plasma flow remained constant. In the left kidney, during nerve stimulation, the tubular fluid to plasma inulin concentration ratio increased significantly in the late proximal tubule.
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We conclude that the antidiuresis and antinatriuresis seen during sympathetic nerve stimulation were caused by increased sodium and water reabsorption in the proximal tubule, probably mediated by the stimulation of slowly conducting unmyelinated fibers. These responses appeared to be unrelated to systemic or intrarenal hemodynamic changes. (1, 2) . We have recently reported that the increases in urinary salt and water excretion which follow acute unilateral renal denervation in the rat occur in the absence of local or systemic circulatory effects, and are related to a decrease in absolute and fractional sodium and water reabsorption in the proximal tubule (3) . Others have shown that acute surgical denervation or pharmacological blockade of the kidney's sympathetic supply results in a partial reversal of the antinatriuresis and a fall in proximal fractional reabsorption in dogs previously subjected to acute caval constriction (4) . Also, when renal nerve activity was reduced after stimulation of the stellate ganglion, natriuresis and diuresis were observed without significant changes in glomerular filtration rate (GFR)' (5) . Conversely, a decrease in sodium excretion in the absence of changes in renal plasma flow (RPF) and GFR has been reported in the dog after low frequency renal nerve stimulation (6) METHODS Male Sprague-Dawley rats weighing 300-330 g were prepared for micropuncture as previously described (7). Catheters were placed into an external jugular vein for i.v. infusions, into the femoral artery for continuous measurement of arterial blood pressure, and into both ureters. The left greater splanchnic nerve was freed from connective tissue proximal to the celiac ganglion for a distance of about 10 mm. Bipolar hook electrodes, made from 0.008 inch diameter platinum-iridium wire, were positioned around the freed portions of nerves for stimulation and recording. The electrodes and nerves were isolated from the surrounding tissues with a polyethylene sheet and covered with cotton saturated with mineral oil. A volume of 0.9% NaCI solution equivalent to 10% of body weight was given i.v. over a period of approximately 30 min and was followed by a continuous infusion at 194 Al/min.' Inulin and p-amino-hippurate were added to the infusion for determination of GFR and RPF.
INTRODUCTION
After ascertaining that the urinary flow rate was similar from both kidneys, the accessible upper portion of the left splanchnic nerve was crushed with forceps. After an equilibration period of 1 h, whole kidney and single nephron measurements were performed alternating control (C1, C2) and nerve stimulation (SI, S2) periods of 45 min each. Nerve stimulation was carried out by means of a stimulator with an isolation unit. Square wave pulses of 0.5 ms duration, 3-16 V (twice threshold), and at repetition rates of 1 Hz (Si) and 2 Hz (S2) were used. The compound action potential evoked by these stimuli was recorded from the bipolar hook electrode located between the stimulating electrode and the kidney; after appropriate amplification, it was monitored on an oscilloscope. 2We have found that renal denervation during volume expansion produces a diuretic and natriuretic response similar to that observed earlier in nonexpanded animals. BelloReuss, E., E. Pastoriza-Mufioz, and R. E. Colindres. 1976. Effects of acute unilateral renal denervation in saline-expanded rats. Clin. Res. 24: 35A.
Tubular fluid samples were collected as previously described (3) from three or more late proximal convolutions in each control and stimulation period. Blood samples were collected at the midpoint of each period from the femoral artery and by direct puncture of the renal vein with a 27-gauge needle.
Plasma and urine inulin concentrations were determined by the anthrone method (8) . Inulin concentration in tubular fluid samples was measured by the method of Vurek and Pegram (9) . Urine and plasma sodium concentrations were measured by flame photometry. p-amino-hippurate was measured by the method of Bratton and Marshall (10).
Single nephron GFR, fractional and absolute proximal reabsorption were calculated as previously stated (3) . Sta There were no changes during the four periods in urinary volume or sodium excretion by the right kidney.
GFR, RPF, p-amino-hippurate extraction, and urinary sodium concentration remained unchanged throughout the four periods in both kidneys.
Micropuncture data. In all but one animal ( Fig. 1 ) stimulation at 1 Hz (Si) was followed by an increase in the F/Pi. ratio; mean values changed from 1.61± 0.09 before stimulation to 1.92±0.12 during stimulation (P < 0.05). After cessation of stimulation (C2), the average F/Pi2 (1.53±0.13) was not different from that during the first control period; it increased to 2.02±0.14 (P <0.005) in the second stimulation (2 Hz) period. The mean of all control F/Pln determinations was 1.57± 0.08 and of all during stimulation, 1.97±0.09 (P < 0.001).
Low frequency stimulation did not significantly change single nephron GFR: 43±7 (C1), 43+5 (Si), 42+5 (C2), and 45±7 (S2) nl min'. Absolute water reabsorption increased from 16±4 in Ci to 21+4 nl min' (P < 0.05) during Si, corresponding to a rise in fractional water reabsorption from 37±4 to 47+4% (P < 0.005). After interruption of stimulation, water reabsorption fell to 14±3 nl min1 (C2); during S2, reabsorption in- creased to 23±4 nl min1 (P < 0.001). This corresponds to an increase of fractional water reabsorption from 32+6% (C2) to 49±44% (S2).
In the one animal in which the F/Pi. ratio did not increase during the first stimulation period, sodium excretion was also inconsistently affected (7.3, 5.2 and 5.8 iseq min' in Ci, Si, and C2, respectively). In S2, the F/P,. ratio increased and sodium excretion decreased (2.4 Aeq min') as occurred in both stimulation periods in all the other animals.
At times it was possible to identify two major components of the compound action potential: a shorter latency one consistent with fibers conducting at 13-17 m* s' with a lower threshold, and a deflection appearing at a latency consistent with C fiber conduction (0.7-1 m' s1) which had a higher threshold (Fig. 2) . In two additional experiments, in an attempt to identify the fibers responsible for the change in sodium and water excretion, the splanchnic nerve was first stimulated at an intensity suprathreshold for the more rapidly conducting fibers but below that of the C fiber component, and then at a level twice the threshold for the slower C fibers. No changes in urine output or sodium excretion were observed at the lower intensity. However, with stimulation at the intensity exciting C fibers, urine volume decreased by 30% and sodium excretion by 32% (compare Table I Whether the neural effect is "direct," i.e., an effect of the neurotransmitter or electrical events at the nerve endings on the transport mechanism, or "indirect" involving the renin-angiotensin, prostaglandin, kallikrein, or other humoral system cannot be determined from these studies. If a humoral substance was involved, it did not appear to gain access to the general circulation since the function of the opposite kidney was unaffected. Our earlier micropuncture studies (3) demonstrated that the neural effect did not appear to result from changes in the "physical factors." The renal nerves responsible for the effect appear to be the slowly conducting, unmyelinated C fibers.
As expected, the "denervation diuresis" caused by crushing the greater splanchnic nerve was smaller than that after application of phenol to the nerve fibers surrounding the renal artery. Complete denervation is apparently achieved with the latter technique, but visual observation shows that not all of the fibers come from the ipsilateral greater splanchnic nerve; hence, in the present study the denervation was incomplete.
We think it unlikely that the effect of expansion is mediated by renal nerve activity, since volume expansion and interruption of nerve impulses have additive effects on proximal salt and water transport. Our results also indicate that renal sympathetic tonic activity is present during extracellular volume expansion, consistent with the earlier observation that efferent renal nerve activity is reduced but not abolished after a 10% increase in blood volume (11) .
